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The thesis is investigation of GIS and 3D technology as ways to expediently
document and disseminate information on European crypts as digital heritage. Digital
technologies afford new opportunities to find, document, preserve, and share our past
creating a wide and growing range of digital texts, databases, audio, video, illustrations,
and software. While there are a wide range of digital technologies and digital data types
employed in cultural heritage, 3D technologies such as lidar scanning are increasingly
becoming a critical component to record cultural heritage. The case study focuses on two
Sicilian crypts—Santa Maria Dell’Itria dei Cocchieri and Capuchin Church—located in
Palermo and Santa Lucia del Mela. I used a Structure Core 3D Scanner—a low-cost offthe-shelf expedient tool—attached to an IPAD to rapidly acquire the 3D data. The 3D scans
of these two crypts in combination with the digital maps represent a small part of the ways
digital heritage can contribute toward creating public awareness of often-overlooked
cultural heritage.
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Chapter 1: INTRODUCTION
My interest in death came at a young age. I was five years old when I attended my
first funeral, my Aunt Ann’s. For the most part, I did not understand the process; and, I
could not understand why everyone around me was so sad. What I do remember was the
visitation. It was an open casket. My aunt, who I had met only once before, had passed
away from cancer. My Mom lifted me up to let me look at her lying in her casket and to
say goodbye. What I noticed right away was the smell as well as her face and her hands.
They just did not seem right. My Mom finally explained that she had died. I watched as
my mom touched her hands. I do not know why; but I asked if I could touch her too. I
touched Aunt Ann’s hands and face; and I realized they were cold, rubbery and stiff. My
Mom explained to me that it was because her soul was gone. I never forgot that
experience; and to this day, I remember it every time I have to say goodbye to a friend or
family member.
For many people, death and dying are not favorite topics of discussion. Death is a
topic individuals may try to “steer away from” or avoid. For other people, it is a topic
discussed openly. While these differences stem from individual personalities, they are
often also linked to cultural ideologies and mortuary practices across the world and
through time (Parker, 1999).
In this thesis, I investigate GIS and 3D technology as ways to expediently
document and disseminate information on European crypts as digital heritage. We are
living in an era when technology is an integral part of our daily lives. Digital technologies
afford new opportunities to find, document, preserve, and share our past (Nikonova &
Biryukova, 2017) creating a wide and growing range of digital, for example, texts,
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databases, audio, video, illustrations, and software. These resources have become
valuable documents and their preservation is important, particularly given that they are
often the only record. They represent a relatively new and emerging form of cultural
heritage coined as digital heritage, which can potentially reach broader audiences and
facilitate preservation of cultural heritage, particularly opening new opportunities to
underrepresented heritage through awareness and engagement (UNESCO). However, I
note that ethics in digital heritage, particularly in terms of digital colonialism, must be
taken into account (Manzuch 2017, Stobiecka 2020).
In chapter two, I describe mortuary practices as part of cultural heritage and their
importance to communities. Cultural heritage focuses on the tangible and intangible
expressions of ways of living that pass on from generation-to-generation (ICOMOS,
2002). Customs, practices, places, objects, artistic expressions, and values are part of
heritage. According to the United Nations Educational, Scientific and Cultural
Organization or UNESCO (2017), tangible heritage broadly refers to material culture and
more specifically includes movable cultural heritage such as artifacts, immovable cultural
heritage such as buildings, and underwater cultural heritage such as shipwrecks.
Intangible heritage refers to non-material culture such as oral traditions, performing arts,
and rituals.
Mortuary practices are part of cultural heritage and they have both tangible and
intangible components. In studying mortuary practices, we can learn about a
community’s values and their lives. Physical remains, such as bones and tissue, not only
tell us about individuals, but also about broader cultural circumstances such as societal
florescence or strife. Additionally, the mortuary context of deceased individuals is part of
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mortuary practices, which offers additional information about cultural ideologies ranging
from the people who perform funerary practice to body preparation, display and disposal
(Parker, 1999; Rakita et al. 2008).
Chapter three provides background information to contextualize my thesis, which
centers on a sub-set of crypts in Europe dating between the sixth and twentieth centuries.
Most of the crypts are attached to churches and cathedrals, and the main architectural
styles represented are Romanesque, Gothic, and Baroque. My case study employing
Geographic Information Systems (GIS) (for mapping purposes) and 3D technology
focuses on two 17th century crypts in Italy that are attached to churches.
In chapter four, I explain how I employ GIS to gather, manage, query, and
visualize the data I collected on the crypts to create maps that as a form of digital heritage
provides spatial and temporal context for the case study.
In chapter five, I discuss the case study in Sicily, providing cultural background,
environmental context, and information on 3D scanning—the technology I used to
document the two crypts. During my three academic experiences in Sicily, I visited
several crypts. Unfortunately, I did not have permission or authority to 3D scan most of
these historic crypts; however, I did have permission to quickly 3D scan two of them,
Santa Maria Dell’Itria dei Cocchieri and Capuchin Church. I used a Structure Core 3D
Scanner—a low-cost off-the-shelf expedient tool—attached to an IPAD to rapidly acquire
the data, as it well-suited the objectives of my thesis. The 3D scans of these two crypts in
combination with the digital maps represent a small part of the ways digital heritage can
contribute toward creating public awareness of often overlooked cultural heritage.

4

Chapter 2: Cultural Heritage
This chapter addresses cultural heritage and digital heritage focusing on the
concepts of tangible and intangible heritage as well as giving examples to lay the
groundwork for the case study. Many of the things we do, and in particular the ways in
which we do them, including mortuary practices, are passed down from generation to
generation as part of our cultural heritage. Cultural heritage reflects the ways of living by
communities (embedded within a particular culture or cultures), including customs,
practices, places, objects, artistic expressions, values, and more, and can be expressed as
intangible or tangible. Tangible heritage includes such thing as artifacts, buildings, and
anthropomorphic landscapes. Intangible heritage includes, values, traditions, oral history,
among other things. (Kurin, 2004; UNESCO, 2017).

Tangible Heritage
Tangible heritage can be movable artifacts like paintings and manuscripts and
immovable cultural heritage like monuments and archaeological sites. For example,
Dawson Munjeri (2004), who has served on the UNESCO World Heritage Committee
and on the Executive Committee and Bureau of the International Council of Monuments
and Sites (ICOMOS), mentions in his article a shrine in Japan called the Grand Shrine of
Ise. The shrine dates back to approximately 690 CE, and it was required that the shrine be
renewed every twenty years (Ise Jingu, n.d.). Although the shrine is tangible, the custom
of renewing, called shikinen zotai, represents intangible culture using traditional
craftsmanship and techniques that are passed from generation to generation.
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Another example of tangible heritage are the mounds in Cahokia. Cahokia is
located north-east of St Louis, Missouri in the U.S. It was occupied during the
Mississippian period (800–1600 CE), and at its peak, the agricultural society had a
population of 10,000–20,000. The site includes about 120 mounds including Mound 72,
which consists of 272 individual burials. While the bodies of individuals and their
associated grave good represent tangible heritage, as archaeologists we are not only
interested in the physical objects, but also what we can learn about the intangible heritage
of Cahokia. In terms of mortuary practices, for example, generally speaking burials
associated with large quantities of prestigious grave goods suggest high status, and the
location, prominence, etc. of such burials provide insight into the past (Pierce and
Matisziw 2018; Rakita et al. 2008).

Intangible Heritage
According to Kurin (2004), intangible heritage is critical because it is culture that
is practiced daily, monthly, and yearly in a community. This repetition via experience and
learning makes intangible heritage valuable because it teaches, for example, social norms
(Basso 1996). Epics, tales, and stories told to friends and family or the performing arts of
music, song, dance, and theater are all oral traditions and expressions that cannot
necessarily be physically touched, yet are just as valuable as tangible heritage. Although
both tangible and intangible heritage are valuable, they are quite often at risk.
As such, UNESCO created programs to address the concern that ancient, royal,
and local traditions would dwindle in the wake of modernization and diminish local and
national identities (Kurin, 2004). For example, Gabriel (2014) writes about the potential
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loss of cultural heritage in the communities of the Mtwara region of Tanzania.
Unfortunately, like many underrepresented cultural groups, the cultural heritage of
Mtwara communities is poorly documented and thus are not being preserved. In great
part, the discovery of natural gas in Mtwara has interrupted traditional lifestyles,
representing a broader phenomenon where globalization is leading to the replacement of
traditional practices with more modern lifestyles. Among the Mtwara, principal rituals
such as the Jando for the boys and Unyago for the girls are traditional rite of passage
rituals instructing youth on adult life, which includes sexual activity and reproduction.
For example, the Mtwara circumcision rite, a fundamental symbol of Jando is now being
performed in hospitals instead of its traditional setting transforming cultural values. This
example from Mtwara is indicative of the fact that over time cultural heritage is
increasingly becoming threatened, particularly through intensified globalization. As
Gabriel (2014, p36.) stated:
“Heritage in both the developed and developing worlds is endangered
by national and transnational free market development. Neo liberal
policies of deregulation, privatization, cost cutting and individualism
are frequently criticized for giving low priority to preserving heritage
for future generations.”

Tangible & Intangible Heritage
Although both tangible and intangible heritage are valuable, the difference
between them is often difficult to sort out (Kurin, 2004). For example, stone sinkers used
by the Lough Neagh eel fisherman from Northern Ireland are tangible objects. But it is
the knowledge that suitable sinkers must have a particular shape and density, and are
gathered on certain beaches known to the fisherman that embed them with intangible
information. Other equipment used by the fishermen is also tangible but knowing how
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and when to use it, is intangible (Ballard, 2008). Thus, both tangible and intangible
cultural heritage work in tandem for community self-definition, or identity. Safeguarding
such traditions requires documentation, research, education, transmission, appropriate
legal protection, and forms of public recognition and support. UNESCO (as well as other
organizations) aims to aid traditional cultural practices and their practitioners so that they
have the opportunity to survive and even flourish (Kurin, 2004). Interestingly, digital
heritage is both tangible and intangible.

Digital Heritage
UNESCO (2019) defines digital heritage as including computer-based materials
of lasting value that should be kept for future generations. Digital materials include texts,
databases, still and moving images, audio, graphics, software, web pages, video games,
and more. These materials vary in origin, type, and interaction (King et al. 2016), and
require consistent maintenance and management to be preserved bringing new and often
more complex challenges than tangible heritage. These resources may have lasting value
and significance (a larger question that is beyond the scope of this thesis) and represent
heritage that should be protected and preserved so they can be shared over time and
across space not only to preserve the past but also importantly to invite new voices and
construct new knowledge (Purkis 2017). As mentioned digital heritage is complex in
terms of tangible and intangible heritage. Digital heritage necessitates a physical
component whether it be a desktop, mobile device, server, disk drive, or otherwise, yet
the actual “product” is intangible. Additionally, in terms digital heritage itself, it can be
considered intangible heritage in two ways. (1) Archaeologists and others can use digital
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technologies, particularly 3D, to acquire data to create digital replicas of tangible objects
and (2) we can create “born digital” objects, information, etc. that (while often based on
real-world physical data) were not converted from an analog (physical) form, e.g.,
websites or 3D virtual simulations (https://primarysources.yale.edu/what-does-borndigital-mean).
Technology like flatbed scanners can digitize documents, field notes, and maps
that are then accessible on a computer (with appropriate formats, software, and
hardware). Global Positioning System or GPS acquire data of real-world coordinates that
is used to document cultural sites and create digital maps that can be linked to attributes
using GIS. In this scenario, the coordinates, maps, and attributes are all individually
“pieces” of digital heritage and together can be used to create various forms of
“composite” digital heritage. As for 3D, a variety of technologies exists to capture data
and generate 3D models and visualizations. For example, 3D laser scanners are used to
capture 3D point clouds of artifacts and buildings (Remondino et al. 2009). After
scanning they are able to be post-processed to create 3D models of different types (e.g.,
mesh models) and formats (e.g., COLLADA, OBJ) that can be ingested into different
software for visualization and analysis (Juckette et al. 2018).
In this thesis, I explore how expedient digital heritage, specifically digital maps
and 3D technologies, can help to create awareness of mortuary heritage in Europe dating
between the sixth and twentieth centuries. The bones, surviving tissues, hair, skin and so
on are the physical remains of the dead that help us understand the individuals. These
physical remains are testaments to people’s past lives allowing us to investigate how long
they lived, their sex, illnesses or diseases they suffered, height, what foods they ate,
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injuries they sustained, deformities they had, if they were bound, tattooed, or sacrificed
and more. But the individual is just part of understanding mortuary practices. Another
critical part is studying, learning, and understanding about the living people who
performed the mortuary practices—studying how they treated and disposed of the dead
provides information about cultural practices in the past (Parker, 1999). One important
aspect of mortuary practice, is location. The physical context of such burial locations
reflects cultural values. In regard to this case study that focuses on a sub-set of crypts,
catacombs, and ossuaries in Europe, it is important to discuss the places architecture of
the places in which they were housed.
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Chapter 3: European Mortuary Architecture
Many crypts, catacombs, and ossuaries with mummified or preserved skeletal
remains are located in Europe. The sub-set of architectural churches and crypts in this
study were built between the sixth and twentieth century with the majority of the
architectural styles being Romanesque, Gothic, and Baroque. This chapter includes a
brief history and description of the main architectural styles as well as the three main
types of mortuary architecture—crypts, catacombs, and ossuaries.

Architectural styles
Providing information about architectural styles is important because they
represent broader cultural context, such as religion, as well as mortuary practices. While
this thesis is not an art historical analysis, previous research in this field provides
ideological and sociopolitical context for the Romanesque, Gothic, and Baroque periods,
offering deeper insight into the beliefs associated with mortuary practice.
Table 1 (below) lists the types of architectural styles for the mortuary sites
included in my analysis. Unfortunately, for many of the sites in the sample, the
architectural style was not available. This is actually an important point as it highlights
the relative lack of focus on this type of cultural heritage. For example, as I turn now to
discussion of the three main architectural types, I note that these primarily focus on
Western ideologies.
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Table 1: Illustrates the different architectural styles including Romanesque, Gothic, and
Baroque incorporated in this study

Romanesque Architecture
Romanesque architecture was favored during the mid-11th century. According to
Cain (2016), the word Romanesque came from the division of ancient Roman citizens.
Those from Rome locally were known as Romanos, while others were called
Romanescos, or Roman-like. While the style was largely influenced by Roman
architecture, it also incorporates some elements of Byzantine and Islamic art, and is
divided into three periods: Pre-Romanesque, Early Romanesque, and Mature
Romanesque.
Figure 1 shows the location of three Romanesque influenced mortuary structures
identified via a web search. The Romanesque style was popular in cathedrals,
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monasteries, and castles. Architecturally, the Romanesque style comprises thick walls
that hold and support the vaulted ceilings and small windows that help keep the structural
integrity of the thick walls (Johnson 2016; Taschen 1990). Symbolically, the thick walls
and small windows are indicative of a fortress, and the windows paired with the dense
walls are symbolic of the darkness of the outside world and the significance of keeping
the faith. Thus, the Romanesque style, particularly for churches, was a reminder that the
congregation was a church in battle, and reminded individuals that the church is
necessary for survival and salvation.

Figure 1: Romanesque style churches in Europe
Gothic Architecture
In the mid-12th century Gothic Architecture supplanted the Romanesque style and
was prevalent to 16th century. In contrast to Romanesque architecture, Gothic architecture
was bright. It brought light and sunshine into the church. The name originally came from
a nomadic Germanic people who fought against Roman rule in the late 300s and early
400s CE called the Goths. They helped bring about the downfall of the Roman Empire,
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that had controlled much of Europe for centuries. Figure 2 illustrates Gothic churches
associated with mortuary architecture located primarily in Eastern Europe.
Arches, thin walls, stained glass, and light characterize gothic style. Instead of
columns, as in the Romanesque churches, the Gothic columns were slender. The slim
columns were repeated in the upper levels of the nave. The columns continued all the
way to the roof and became part of the vault. In the vault, the pointed arch could be seen
in three dimensions. The ribbed vaulting met in the center of the ceiling of each bay.
Sometimes the vaulting formed complex webs (Spanswick, 2015). The development of
ribbed vaults provided support for thin stone panels. This reduced weight and made thick
walls unnecessary. This also made it possible to build higher walls which created more
interior space. The slender columns led to larger windows and more light in the church.
The windows, tracery, carvings, and ribs displayed decorations. On the outside, stone
sculptures added decoration with biblical narratives, saints, and reliefs around portals and
doors (Encyclopedia of Art History, n.d.).

Figure 2: Gothic style churches in Europe
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Baroque Architecture

According to Thomann (2020), Baroque architecture emerged in Italy in the late
16th century. The Reformation, a major movement in Western Christianity in Europe, was
a religious and political challenge to the Catholic Church and papal authority. The
Catholic Church wanted to use the architecture to exhibit strength, wealth, and
prominence. The style spread throughout Europe and into South America through
colonization. As the Baroque style became popular, locations altered their characteristics
to suit their local lifestyle.
However, common characteristics of the Baroque style included large domes or
cupolas at the center of a building; decorative complicated patterns that emphasized
sacredness; sculptures covered with gold paint on the interior and exterior; and statues
made from plaster or marble that had contrasting colors and textures. Other features
included curved walls, painted ceilings, vaulted ceilings, columns, arches and fountains.
The Romanesque, Gothic and Baroque styles provide context not simply for the
architectural styles of their associated mortuary components, but importantly offer
historical and cultural context. It is the combination of the tangible heritage, i.e. the
architecture and the intangible heritage, i.e. cultural belief, values, and practices that
offers a more holistic picture of the long-standing importance of mortuary places. I turn
now, to three types of mortuary practice—crypts, catacombs, and ossuaries—that were
prevalent in Europe.
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Figure 3: Baroque style churches in Europe

Crypts

Crypts originated with Christianity and are typically found under church floors. In
Latin, crypta designated any vaulted building partially or entirely below the ground level.
In terms of the origins of crypts, churches were sometimes built over the tombs of saints,
priests, and martyrs, and then were often followed by the construction of subterranean
chapels that became known as crypts or confessions, that were built around the actual
tomb. Over the years, the size of crypts was increased to include the entire space under
the floor of the church choir or chancel in order to entomb additional bodies.

Catacombs

Catacombs originated in Rome between the end of the second and the beginning
of the third centuries CE. Although the practice of burying the dead in underground areas
was already common among the Etruscans, the Jews, and the Romans, Christianity
introduced a larger and more complex underground chamber in order to welcome the
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whole community into one place; that is, the catacombs. The term to designate these
monuments is coemeterium, which derives from the Greek and means dormitory. This
meant for Christians, that burial is just a temporary place while they wait for the final
resurrection (Brettman, 1991).
For the most part, catacombs are excavated from tuff, a light porous rock formed
by consolidation of volcanic ash; or in other easily removable but solid soils. For this
reason, the catacombs are found specifically where these types of soil are found; that is,
in central and southern Italy. Typically, catacombs are accessed via a stairway from a hall
or chamber in the church that leads to a main passageway intersected by a grid of
corridors. When space was needed for more burials, levels and corridors were excavated,
which would often lead to immense networks of passages. Natural surface apertures as
well as modified openings used for removing the earth during the construction of the
catacomb admitted light and air (The Christian Catacombs, n.d.).

Ossuaries

Finally, ossuaries are found throughout Europe given that they were a common
practice for both Catholic and Eastern Orthodox communities. Ossuaries can be anything
from a small box to a large building that contains human bones. In some buildings the
bones are laid out around the room in complex designs. In terms of mortuary practice, or
rather process, the body is first placed in a temporary grave. After some time, the bones
are removed, cleaned, and put in an ossuary, which is the final resting place. During
times of war and plague the death toll increased and more room was needed. Ossuaries
were created as a result of the lack of space. (Dowson, n.d.).
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In this study, the crypts, catacombs, and ossuaries were normally found in,
around, or linked to churches from the Romanesque, Gothic, and Baroque style periods
with each style reflecting historical and cultural circumstances influencing mortuary
practices.
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Chapter 4: Digital Mapping
GIS or a geographic information system is a framework for gathering, managing,
visualizing, and analyzing spatial data. GIS integrates many types of data allowing users
to overlay layers, link attributes, and carry out many types of spatial analysis to reveal
deeper insights into data, such as patterns and relationships (Conolly and Lake 2006). I
used GIS, specifically ArcGIS Desktop 10.7, to view, edit, create, and analyze geospatial
data to identify patterns for 29 mortuary sites based on twelve attributes relevant to
cultural heritage.
The twelve attributes were:
•

name of the site

•

church associated with the site

•

location

•

website links to the site

•

year that the site was built

•

religion associated with the site

•

architecture

•

materials used for the architecture

•

reason for why the site existed

•

whether the site is still in use

•

whether or not the site is protected

•

how many individuals lie at the site
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Figure 4: Catholic churches in Austria, Czech Republic, and Germany

Figure 4 illustrates that eleven of the 29 sites are associated with Catholic
churches—all of which are located in present-day Austria, Czech Republic, and
Germany. The majority of the architecture of these Catholic churches is Gothic style
(Figure 5).

Figure 5: Catholic churches with Gothic Style Architecture
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Table 2: Location, Years, and Architecture of a subset of sites.

Table 2 shows that a subset of the sites are located in the Czech Republic,
Germany and France. The sites were built over a wide temporal range. The oldest site
was built in the 12th century, while the “newest” site was built in the 20th century. The
architectural styles for the sites are unknown, Gothic, or Baroque.
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Figure 6: Sites in Germany

In contrast, most of the sites in Germany were built in the 12th and 13th centuries
and the majority of the sites are ossuaries. The only religion associated with these sites is
Catholicism. Unfortunately, there is no evidence of protection for any of the sites in
Germany.
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Figure 7: Sites in France

Figure 7 illustrates that the five sites in France were built between the 16th and
20th centuries and the architecture varies in style. The sites are no longer in use but are
open for visitors.

Figure 8: Sites built in the 17th century
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Figure 8 shows that the years the sites were built range from the 6th century to the
20th century; however, about over one quarter, eight of the 29 sites, were built in the 17th
century. These sites are located in Austria, Czech Republic, England, France, and
Germany, and the majority of the sites are Catholic but are also associated with other
Christian groups. Architectural style as is typical of the Catholic sites includes Gothic and
Baroque.
Over the years, wars and plagues would spike the death toll. Bodies were
accumulating and space was limited. There were too many bodies for the original burial
grounds. New buildings were constructed to house the overflow of remains. These sites
are located all around Europe and spread throughout the years. A majority are linked to
the Catholic Church with one linked to the Greek Orthodox Church. The architecture is
unknown with three being Gothic style. Many are protected, although no longer used,
they are still open to visitors.

Figure 9: Protected sites

Figure 9 shows that seven of the 29 sites are protected. Most are no longer used
but are still available to visitors. Except for two of these sites, all are linked to the

24

Catholic church. The years they were built range from the 6th century to the 18th century
and the Czech Republic has the most sites.
The maps in this chapter show the sites and highlight spatial, temporal, and
religious patterns. A majority of the sites were linked to the Catholic Church. Although
the years in which the sites were built ranged from the 6th century to the 20th century,
most were built in the 17th century. While the sites are located throughout Europe, they
mainly are in the Czech Republic, Germany, and France. The history in Europe includes
wars and plagues that spiked the death toll creating a need for more space to bury the
dead (Dowson, n.d.). Therefore, most of the sites were not only built to make room for
the dead, but they were also built as a cultural practice to bury the died in sacred ground
associated with churches. The range of individuals in a site varies from 10 to 250,000,
with the majority between 1,200 to 50,000 individuals. Employing GIS allows
information to be collated and subsequently be spatially explored. In this case, a key
observation is that only seven of the 29 sites appear to be protected, which suggests a
potential need for greater conservation efforts for European mortuary heritage sites.
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Chapter 5: Crypts and Catacombs of Sicily
Sicily, Italy, the largest island in the Mediterranean Sea, is rich in history,
tradition, cuisine, and culture. This chapter includes a description of Sicily’s landscape
and climate as well as how these environmental factors affect the mummies that reside in
Sicily’s mortuary sites. To set the stage, I then introduce some of the crypts and a
catacomb that are famous in Sicily. Following this cultural background, I explain the 3D
scanning of two Sicilian crypts: Santa Maria Dell’Itria dei Cocchieri and the Capuchin
Church.

Figure 10: Map of the crypts and Catacombs visited

Sicily is located at the “toe” of the Italian “boot”, and the island is separated from
the Italian peninsula by the Straits of Messina. Its triangular shape faces towards the
Tyrrhenian Sea in the north, the Sicily Canal in the south, and the Ionian Sea to the east.
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The island is divided into three valleys: the Val di Mazzara to the west, Val Demone to
the northeast and the Val di Noto in the southeast. The coastline stretches more than
1,000 km and consists of both flat and high, rocky areas (Basile, 1941).
The climate is characterized by moderate temperatures, wet winters and dry
summers. During the winter, there is maximum rainfall and a period of drought-like
conditions in the summer. Palermo—the location of Santa Maria Dell’Itria dei Cocchieri
crypt—on the northern coast has an average of 24 inches of rain per year with
temperatures ranging from 50 to 80 degrees moderated by the warm Mediterranean Sea.
The Mediterranean climate with its warm, dry summers and cool, mild winters makes
suitable for mummification (Basile, 1941). Santa Lucia del Mela—the location of the
Capuchin Church—has a similar climate.
The process of mummification is usually divided into two groups: spontaneous
and anthropogenic. Spontaneous mummification occurs when bodies mummify naturally
in areas with extreme environmental conditions. Intentional human activity assisting in
the preservation of bodies is called anthropogenic mummification (Panzer et al., 2010).
Natural mummification occurs when the fluids in the tissues of the body are gone.
This causes the growth of bacteria and the process of putrefaction to be obstructed and
the body dehydrates. Through time, experienced Capuchin Friars in 1597 perfected
anthropogenic mummification after the discovery of this natural process. To assist in the
process of dehydration, the Friars would remove the internal organs and place straw or
bay leaves in the bodies. Placed in a room with low humidity, the bodies would be laid
horizontally on a bed with drainage structures. The fluid in the tissue would drain and the
tissues would slowly dry. The bodies would be laid out like this for about a year.
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Afterwards, the bodies were taken to the open air, cleaned with vinegar, and finally
dressed in their best clothes and placed in a niche in the catacomb. The end result was the
skin having a leather and brown appearance and the body being of low weight and
general rigidity (Catacombs Palermo, n.d.).
Many crypts had a special room to store the bodies. The bodies would be stored in
that room for about a year until the bodily fluids were drained away and the tissues were
desiccated (Piombino-Mascali et al., 2011). These storage places were called colatoi,
scolatoi, or colatori, all derived from the Latin colum (drain). The most common type
documented in Sicily, consisted of a seat that was located within a wall niche. The seat
had a central basin and hole through which the body fluids gathered and drained. Other
types include a rectangular wall aperture or a small separate room that contains a rack,
made of terracotta pipes or wooden lathes. Examination of the bodies reveal that the
corpses were stuffed with vegetable materials including bay leaves, or straw. These
materials helped with the preservation of the bodies by maintaining the shape of the
cadaver and combating the odor (Piombino-Mascali et al., 2011).

Sicilian Mortuary Examples
My first trip to Sicily was in the summer of 2016 as an undergraduate in the UNL
Faculty-Led Mummy Studies Field School. It was an amazing experience, not only did I
learn about mummies, but I also learned a lot about the local culture. I returned to Sicily
in 2017 with the field school as a graduate student and in the summer of 2018, I was
Teaching Assistant for the field school. Because of the well-preserved mummification
and examples of catacombs and crypts, every year we visited the Cappuccini Catacombs,
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Confraternity of Saint Mary Dell’Itria dei Cocchieri, the Mother Church of Santa Maria,
and the Capuchin Church.

Savoca
Usually when someone says Savoca, they think of the Church of San Nicolò and
the Bar Vitelli, as two sets from the movie The Godfather. But, Savoca is also known for
the Mother Church. It is Romanesque in style and was built in the 12th century (Visit
Sicily, n.d.). In the basement of the church is the crypt where the bodies of thirty-two
notables and friars of the same convent are laid to rest. Some of the mummified bodies
are in niches and others in wooden sarcophaguses. The crypt and the church are open to
the public which makes it possible that the site is protected (Figure 11).

Figure 11: Crypt from the Mother church in Savoca
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Piraino
The town of Piraino is located in the Province of Messina. It was founded by
Arabs in the Middle Age. In the eighteenth century, the town was acquired by the noble
family of Lancia who ruled the village for many years. The Mother Church, built in 1500
on the ruins of an ancient church erected in 1200 is one of most important monuments of
the village (Sicily.co.uk, n.d.). There, twenty-six bodies of religious dignitaries are
preserved in a crypt. The bodies date to the late 18th to mid-19th century (PiombinoMascali et al, 2013). The church is open to the public but unfortunately the crypts and
mummies are too fragile to let in the public (Figure 12).

Figure 12: Crypt from the Mother Church in Piraino
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Palermo
The Confraternity of Santa Maria Dell’Itria dei Cocchieri is in the city of
Palermo. Between the second half of the 16th century and the beginning of the 17th
century, numerous confraternities, a group of people who promote works of Christian
virtue, and congregations like churches, began to spread in Sicily. One of the
confraternities or brotherhoods during this time was called Cocchieri or the coachmen.
The coachmen were craftsmen who worked with the aristocratic houses of the city. They
focused on pursuing the practice of Christian virtues, promoting the confraternity and
helping the poor (Palermoviva, n.d).

Figure 13: Santa Maria Dell'Itria dei Cocchieri during Catholic procession in 2017

Construction of the church, Santa Maria Dell’Itria dei Cocchieri began in 1596
and was completed in 1611. The church itself is small. It was built over an existing crypt
that was originally used for the more privileged families. Although purposely made to
look simple, the church is elegant reflecting its importance. While the outside of the
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building and bell tower are made of local carved stone, the interior boasts an altar made
of colored marble.
In the rear of the church is the entrance to the crypt. This underground rectangular
room extends below the church and the churchyard. A large staircase divides the room
into two parts. In the larger upper room, you can see the remains of ninety niches on the
walls that originally housed mummified bodies. Additionally, there is an alter that at one
time in its history made the room an actual church. Masses were held there to
commemorate the dead and both rooms have worn murals. In the middle of the larger
room there is an ossuary carved under the floor with a grating that was added later on so
that you can walk over the ossuary and see bones. The bones are in crates; and, the crates
are stacked on top of each other and on shelves. On the staircase, some of the steps are
hollowed out to hold pieces of bone with a grate on top. The smaller room located on a
lower level, is accessed by a small staircase that was used for the preparation of the
mummies. Today the crypt is no longer used and masses are no longer held in the crypt
but they still hold mass in the main church and it continues to be an important cultural
locale (see Figure 13).
The most well-known display of mummies in Palermo is in the Cappuccini
Catacombs. These catacombs were originally a burial place for monks. In 1534,
Capuchin Friars settled in Palermo, at the church of Santa Maria della Pace. Because the
original catacomb they used became too small, a larger catacomb was constructed in
1597. Two years later, the catacomb was complete. While moving relics from the old
cemetery to the new catacomb, the friars noticed forty-five bodies had naturally
mummified. It was interpreted as a sign of heavenly benevolence. The Friars decided to
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place these bodies in standing position inside the niches placed all around the walls of the
first corridor of the Catacombs. The news of the forty-five naturally mummified bodies
spread; and, the friars gradually began to receive an increasing number of corpses. Over
time the Friars perfected the natural mummification process (Catacombs Palermo, n.d.).
While the friars decided to grant burial to those who were unable to afford the
cost of embalming, other individuals were buried in the Cappucini Catacombs.
Individuals were placed in separate corridors according to profession, sex, and social
status. For example, there is the corridor of the Capuchin Friars, a corridor dedicated to
the prelates, the women's corridor, in a chapel, there are the bodies of young virgin
women, the men's corridor, the children's chapel, the family corridor, and the corridor of
professionals such as doctors, lawyers, painters, officers and soldiers (Figure 14)
(Catacombs Palermo, n.d.).

Figure 14: "Professionals' Corridor, Capuchin Catacombs
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The catacombs closed in 1880 with the exception of two bodies in the early
twentieth century. The body of the deputy consul of the United States, Giovanni Paterniti
was laid to rest in the catacombs in 1911. In 1920 Rosalia, who died at the age of two,
was laid to rest. She is considered "the most beautiful mummy in the world.” Her display
in the Cappuccini Catacombs draws visitors from throughout the world (Catacombs
Palermo n.d.). Unlike Santa Maria Dell’Itria dei Cocchieri, conservation of the Capuchin
Catacombs is ongoing due to wide public interest, government support, and academic
research (i.e., Sicily Mummy Project).

Santa Lucia del Mela
The Capuchin Church in Santa Lucia del Mela and the adjoining convent were
built by the Conventual friars in 1622. The church has a single nave system with altars
leaning against the walls and a cross vaulted ceiling. On the right side, embedded in the
facade, a squat bell tower rises (Figure 15). In the lower rooms of the church there is the
crypt with the mummified bodies of the notables of the time. In a long corridor of the
convent there are some paintings depicting healings through the intercession of the saints.
The entrance to the crypt is at one end of the hall. It leads to the inside of the church,
which is no longer usable.
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Figure 15: Capuchin Church
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Chapter 6: 3D Technologies and Cultural Heritage: Case Study
Digital recording, documentation and preservation are necessitated as our heritage
suffers from on-going attritions and wars, natural disasters, climate changes and human
negligence. While there are a wide range of digital technologies and digital data types
employed in cultural heritage, 3D technologies such as lidar scanning and
photogrammetry are increasingly becoming a critical component to record the geometry
of physical objects and sites so that, in digital form, they might be passed down to future
generations (Remondino, 2011). However, not only are 3D data important for
documenting extant cultural heritage, but they also open a wide spectrum of further
applications that allow for new analysis, interpretations, conservation policies, digital
restoration, and more. Such applications can disseminate information about cultural
heritage, particularly endangered cultural heritage, to help garner public interest and
promote conservation and preservation efforts (e.g., Abate et al. 2017). Before presenting
my case study, I provide a brief overview of expedient 3D laser scanning in cultural
heritage.

Expedient 3D Laser Scanning
3D laser scanners (terrestrial or airborne) typically capture 3D data as point
clouds using Time-of-Flight (ToF). Basically, the scanner sends out millions of light
signals and the time it takes for each signal to hit an object and return is used to calculate
a 3D locations (x,y,z). These 3D points are post-processed to isolate objects of interest
and to create a 3D mesh that can be used for surface modeling and textured visualization
(Remondino and Campana 2014).
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Early applications of 3D laser scanning for cultural heritage required bulky and
heavy scanners (e.g., Remondino et al. 2009); however, new technologies have made it
possible for scanners to be smaller, faster, lower in cost, and more “Personal” (Allegra et
al. 2017). While “high-end” scanners are still expensive and bulky and required for
highly precise 3D data acquisition, many more portable, less-expensive 3D scanners are
suitable for capturing data for purposes of public engagement.
For example, the British Museum used the handheld Artec Eva 3D scanner to
acquire 3D data of hundreds of large and heavy plaster castings of Maya monuments with
their glyphs and iconography. Alfred Maudslay, a 19th century explorer used dry-plate
photography, plaster, papier-mache molds, and his notebook to record Maya art and
architecture. The molds were taken to England to the Victoria & Albert Museum and
made into casts. Using the Artec Eva, each cast was scanned in 10-20 minutes
(Mcmillion, 2021), and they form part of a Google Arts & Culture online exhibit on
“Saving Faces: Conservation of a plaster cast of a Maya monument from Quirigua”
(https://artsandculture.google.com/exhibit/saving-faces/UwLSRSb-47onIw) to preserve
Maya heritage.
The digital device I used was a Structure Core 3D Scanner by Occipital, which
sits atop an IPad and works with an app called Canvas by Occipital. On the last year,
2018, of the Mummy Studies Field School I took the equipment to Sicily to expediently
scan two crypts Santa Maria Dell’Itria dei Cocchieri and the Capuchin Church. In both
cased, I had limited time to perform the scanning and was only allowed non-obtrusive,
handheld equipment. After scanning both crypts, the data were post-processed to generate
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meshes as well as Computer Aided Design (CAD) models that could be used for online
visualization.

Crypt of Santa Maria Dell’Itria dei Cocchieri
With the permission of the church, I was allowed to 3D scan the crypt of Santa
Maria Dell’Itria dei Cocchieri. A large staircase divides the crypt into two parts—upper
and lower floors, and my primary objective was to capture the ventilation and draining
system encompassed in the lower floor; that is, the smaller room. In each carved-out
niche there are small hollowed tubes that allowed body fluids to flow to the center of the
room to a drain that lead to a stream. The other vents lead outside to allow air to enter,
which helps in mummification. Figure 16 and 17 illustrate the 3D models generated from
the 3D scans for the crypt’s upper room.

Figure 16: 3D model generated from 3D scan of Santa Maria Dell'Itria dei Cocchieri
(top-down view of upper floor of the crypt)
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Figure 17: 3D model generated from 3D scan of interior Santa Maria Dell'Itria dei
Cocchieri (interior view of upper floor of the crypt)

Figures 18 and 19 illustrate the 3D models generated from the 3D scans for the crypt’s
lower room used for draining the bodies in the mummification process.

Figure 18: 3D scan of Santa Maria Dell'Itria dei Cocchieri (lower room or draining room)
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Figure 19: 3D scan of Santa Maria Dell'Itria dei Cocchieri (lower room or draining room)

Crypt of the Capuchin Church
I also had permission from the church to 3D scan the crypt of the Capuchin
Church. The crypt holds the mummified bodies of the notables of the time (17th -19th
centuries) in a long corridor with niches along the walls. Figures 20-22 illustrate the 3D
model generated from the 3D scans.

Figure 20: 3D scan of the crypt of the Capuchin Church
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Figure 21: 3D scan of the inside crypt of the Capuchin Church

Figure 22: 3D scan of the inside crypt of the Capuchin Church

To illustrate the potential of expedient 3D scanning technology for engaging the
public, I uploaded the Capuchin Church model to SketchFab—a widely used online
platform to host 3D models. I selected this platform because not only does it host a
plethora of cultural heritage 3D models, but it is relatively low-cost and importantly
allows for annotation of 3D models. Such annotation can guide viewers (who only need
access to a browser) through “tour” stops on a 3D model to provide key information
about an object or site, or perhaps even create a narrative that brings to light intangible
heritage by evoking a sense of place; thus, hopefully drawing deeper public interest that
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can help promote conservation or preservation of underrepresented cultural heritage.
Figure 23-26 illustrate the SketchFab models with some annotation points. The model
can be accessed at https://skfb.ly/onIxJ).

Figure 23: Crypt of the Capuchin Church built in 1622

42

Figure 24: Original entrance to the crypt of the Capuchin Church

Figure 25: Outside Entrance to the crypt of the Capuchin Church
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Figure 26: Alter in the crypt of the Capuchin Church

In this thesis, I addressed the importance of tangible and intangible cultural
heritage and their relationship to digital heritage. In my case study, the crypts themselves
represent something that is tangible. The mortuary practices that happened around the
crypt are intangible. Digital heritage is both tangible and intangible. When we capture
something in the past with analog documentation such as film or a tape recording, we
translate/convert intangible stories to something tangible that helps with preservation of
such heritage. However, with digital heritage we are experiencing new preservation
challenges because of versioning, migrations, file formats, ongoing storage, etc. Thus,
while digital heritage offers new ways to preserve cultural heritage through digital
documentation as well as through public engagement efforts, we must also be aware of
ongoing and new preservation challenges related to the digital (Evans and Hauttekeete
2011).
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Many crypts, catacombs, and ossuaries with mummified or preserved skeletal
remains are located in Europe; however, while they are an important part of cultural
heritage many of them are not actively preserved. Using GIS, I created a series of digital
maps to illustrate the types, locations, and state of preservation for a subset of mortuary
sites in Europe. While these maps are not currently available as interactive web-based
maps, they could be hosted online in combination with the 3D models of the crypts and
associated narratives that not only serves as digital heritage but can also bring public
awareness that may foster preservation practices.
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